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(54) Abstract Titio: Mono -diamelerwaHbore casing 

(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular meiriber 210 
coupled to and overlapping with the first member 
115, the second tubular member being coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 215 that defines an interior region for 
containing fiuidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
Injecting a fiuidic material into the shoe, and 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fiuidic material 
into the borehole below the expansion cone. The 
expanded tubular memt}er has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 
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.^JylONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a continuation-in-part of U.S. utTity application serial number 
09/454.139, attorney dodtet nunil)er 25791.3.02, filed on 12/3/1999, which claimed the 
5 t)enefit of the filing date of U.S. provisional patent application serial number 

60/111,293, attorney docket number 25791.3, filed on 12/7/1998. the disclosures of 
which are incorporated herein by reference. 

This application is related to the fbliov^ng: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
10 application serial no. 09/510,91 3. attorney docket no. 25791 .7.02, filed on 2/23^000, 
(3) U.S. patent application serial no. 09/502,350. attonney docket no. 25791.8.02. filed 
oh 2/10/2000. (4) U.S. patent applicatk>n serial no. 09/440.338. attorney docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523,460. 
attorn^ docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent applicatton serial 
15 no. Oa/512,895. attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent applteation serial no. 09/588,946, attorney docket no. 25791.17.02, filed 
on 6/7/2000, (9) U.S. patent appDcation serial no. 09^9.122, attorney docket na 
25791.23.02, filed on 4/26/2000, (10) POT patent appHcatton serial no. 
20 PCT/USOQ/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

provisional patent application soial no. 60/162,671 , attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent application serial no. 60/154.047. attorney 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provteional patent applicatton serial 
no. 60/159,082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
25 provisional patent applicatton serial no. 60/159,039, attorney docket no. ^791.36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791 .37. filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359. attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provlstonal 
patent application serial no. 60/165,228, attorney docket no. 25791 .39. filed on 
30 1 1/12/1999, (18) U.S. provlstonal patent applicatton sertal no. 60^1 ,443, attorney 
docket no. 25791.45, fitod on 7/280000, (19) U.S. provlstonal patent application serial 
no. 60/221,645. attorney docket no. 25791.46, filed on 7/28/2000. (20) U.S. provisional 
patent &q)plicatk>n serial no. 60/233,638, attorn^ docket no. 25791 .47. filed on 
9/18/2000, (21) U.S. provlstonal patent applcatton serial no. 60/237,334, attorney 
35 docket no. 25791.48. filed on 10/2/2000. and (22) U.S. provlstonal patent applicatton 
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serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of which are Incorporated herein by reference. 

Background of the Invention 
This Invention relates generally to weBbore casings, and In partteular to wellbore 
5 casings that are fbrrmd using expandable tubing. 

Conventionally, when a wellbore is created, a nurtiber of casings are installed In 
the borehole to prevent collapse of the bon^ole wall and to prevent undmired outflow 
of drilling fluid into the fonmatton or inflow of fluid from the farmation into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a tower 

10 borehole interval is kywered through a prevk>usly installed casing of an upper borehole 
intend. As a consequence of this procedure the casing of the bwer inten^l Is of 
smaller dlam^r than the casing of the upper inteniral. Thus, the casings are in a 
nested arrangennent with casing diameters decreasing in downward direction. Cement 
annuli are provUed between the outer surfaces of the casings and the borehole wan to 

15 seal the casings from the borehole waU. As a oonsequenoa of this nested arrangement 
a relaih«ly large borehole diameter is required at the upper part ^ 
a large borehole diameter involves increased oosts due to heavy casing handling 
equipment, large drfll bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is invoh^ due to required cement pumping. 

20 cement hardening, required equipment changes dm to large variations In hole 

diametens drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is direded to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing In a wellbore. 
25 Summary of the Invention 

According to one aspect of the present invention, en apparatus for fbmiing a 
wellbore casing in a borehole located in a subtenanean fdrmatton including a 
preexisting w^bore casing is provided that includes a support member including a first 
fluid passage, an expanston cone ccHipled to the support member including a second 
30 fluM passage fluklkdy coupled to the first fluM passage, an expandable tubular liner 
movabiy coupled to the expanston oone, and an expandable shoe coupled to the 
expandable tubidar liner. 

According to another aspect of the present Invention, a shoe is provkJed that 
includes an upper annular portkm, an intermediate annutar portton, and a tower annular 
35 portton. The intermediate annular portton has an outer ctrcuinfi^^ 
than the outer droumferenoes of the upper and tower annular porttons. 



According to another aspect of the present invention.^ method of forming a 
weDbore casing in a subterranean formation having a preexisting weilbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe tiy 
injecting a fluWic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fiuidic material Into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for forming 
a weilbore casing in a subtenanean fonnation having a preexisting weilbore casing 
positioned in a borehole is provided that Includes means for Installing a tubular liner, an 
expansion cone, and a shoe In the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

Aooording to another aspect of the present invention, an apparatus for forming 
a weilbore casing within a subterranean formation hduding a preexisting weilbore 
casing positioned in a borshole Is provided that Includes a tubular Oner, and means for 
radially expanding and coupling the tiAuiar Kner to an overlapping portion of the 
preexisting weilbore casing. The Inside diameter of the radlaliy expanded tubular liner 
is subslanttolly equal to the inside diameter of a non-overlapping portion of the 
preexisting weilbore casing. 

Aooording to another aspect of the present Invention, a weilbore casing 
positioned in a boreh(rie within a subterranean fomiatlon is provided that includes a flret 
weilbore casing, and a second weHbore casing coupled to and overlapping with the first 
weilbore casing. The second weilbore casing is coupled to the first weilbore casing by 
the process of: installing the second weilbore casing, an expansion cone, and a shoe in 
the borehole, radially expanding at least a portion of the shoe by ir^ecting a fiuidic 
material Into the shoe, and radially expanding at least a portion of ttie second weHbore 
casing by ir^ecting a fiuidic material hrrto the borehole below the expansion cone. 

According to another aspect of the present invention, a method of forming a 
tubular strudure in a subtenanean formation having a preexisting tubular member 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the borehoto. radially expanding at least a portion of the shoe by 
irijecting a fluUic materiel into the shoe, and radially expanding at least a portion of the 
tubular finer by irijecting a fluidic material into the borshole below the expansion cone. 

Aooording to another aspect of the present invention, an apparatus Ibr fbnning 
a tubular structure h a subtenanean formation having a preexisting tubular meinber 
positioned in a borehole is provided that Includes means for instaling a tubularnner. an 
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expansion cone, and a Shoe in the borehde, means for radially 

portion of the shoe, and means for radiaily expanding at irast a portion of the tubular 

liner. 

According to another aspect of the present invention, an apparatus fbr fomUng 
5 a tubular structure within a subterranean fonnatlon including a preexisting tubular 
member positioned in a borehole is provided ttiat includes a tubular liner and means fbr 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The Inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
posHionad in a boreliole within a subterranean formation is provided that includes a first 
tidNJiar ineinber and a second tubular member coupled to and overiapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 
IS the process ed installing the second tubular member, an expansion cone, and a shoe 
In the borehole, rediaHy expanding at least a portion of the shoe by injecting a fluldic 
material into the ehoe, and radially expandhg at least a portion of the second tid)ular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief DtfBCription of the Drawings 
20 FIG. 1 is a ftogmantaiy cross-sedionai view illustrating the drflHng of a new 

section of a well borehole. 

FIQ. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus fbr creating a mono-diameter weHbore casing within the 
new section of ttie well borehole of FIG. 1 . 

25 FIG. 2a is a cross-sectionai view of a portion of the shoe of the apparatus of 

FIG. 2. 

FIG. 2b is a cross-sectional view of another pwtion of the shoe of the apparatus 
ofRG.2. 

Fia 2c te a cro8s-se(^ional view of another portion of the shoe of the apparatus 
30 ofRG.2. 

FIG. 2d Is a cross-secUonal view of another portion of the shoe of the apparatus 
orRG.2. 

FIG. 2e is a cross-sectlonal view of a portion of the shoe of the apparati« of 
FIG. 2a 



FIG. 3 is a fragmentary cross-sectional view llluslrating the injection of a 
hardenabte fluidic sealing material through the apparatus and Into the new section of 
the well t)orehoie of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG.3a. 

FIG. 4 is a fragmentary cross-sectional view ifhetrating the Injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluididy isolata the Interior of the shoe. 

10 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 Is a cross-sedional view Hlustratrng the radial axpansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-secUonal view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 

20 FIG. Sis a cross-sedional view Illustrating the Injection of fliddic material into 

the radially «(panded shoe of the apparatus of FIG. 7. 

FIG. 9 Is a cross-sedionai view Hustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of RG. 8. 

FIG. 10 Is a cross-sectional view illustrating the rsmovai of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the Ibnnation of a nwno-diameter 
weltbore casir^ that indudes a plurality of overtapf^ mono-diameter weUbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative ernbodinrant of an apparatus for creating a tnono-dteunetervveilboreeming 
wItNn ttie wefllxm of RG. 1. 

FIG. 12a Is a cross-sedional view of a portion of the shoe of the epparatus of 
FIG. 1Z 

FIG. 12b is a cro ss -s ed i on al view of a portion ofthe shoe oftheawwratus of 
35 FIG. 12. 
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FIG. 12c is a cross-seclional view of another portion of Ihe shoe of the 
apparatus of FIG. 12. 

FIG. 12d Is a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 12. 

FIG. 13 is a fragmentary cross-sectfonal view illustrating the bijection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well txirehole of FIG. 12. 

FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a ftuWic 
material into the apparatts of FIG. 1 3 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparati^ of 
FIG. 14. 

FIG. 15 is a cross-secHoinal view illustrating the radtel expansion of the shoe of 
FIG. 14. 

FIG. 16 Is a cross-sectional view illustrating the lowering of the expandable 
«(pansion cone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 

FIG. 18 is a cross-sectional view illustrating the Iniection of fluidie material into 
the radially expanded shoe ofttw apparatus of FIG. 17. 

FIG. 19 Is a cross-sectionai view illustrating the oonrv)letion of the radial 
expansion of the expandable tubular member of the apparatus of R6. 18. 

FIG. 20 is a cross-sectional view illustrating the removal of the bottom portion or 
the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the illustrative EmboCBments 
Referring initially to FIGS. 1 . 2. 2a. 2b. 2c 2d. 2e, 3, 3a. 3b. 4. 4a. 4b. and 5- 
10, an embodiment of an apparatus and method for forming a mono-diameter weiibore 
casing within a subterranean formation will now be described. As niustrated in Fig. 1, a 
weHbora 100 is positioned in a subtenaneanfonnation 105. The weObore 100 Includes 
a pre-exisling cased section 1 10 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic seeing msderial such as. for example, cement Theweiibora 100 
may be positioned In ariy orientation fifom vertical to horizontaL bi several altemathm 

embodiments, the preexisting cesed section 110 does not include the annular outer 
layer 120. 
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In order to extend the wellbore 100 Into the subtenranean formation 105. a driO 
string 125 Is used in a weO known manner to drill out material from the sutitenanaan 
formation 105 to fomi a new wellbore section 130. In a preferred emlxxlfrnent. the 
Inside diameter of the new welllwre section 1 30 is greater than the inside diameter of 
5 the preexisting welltxxe casing 1 15. 

As illustrated in FIGS. 2. 2a, 2b, 2c. 2d. and 2e, an apparatus 200 for forming a 
welibore casing in a subterranean formation is then positioned In the new section 130 
of the weUbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passive 205a that supporte a tubular member 21 0 that includes a lower 
10 portion 210a, an intmnediate portion 210b, an upper portion 210c and an upper end 
portion210d. 

The expansion cone 205 may be any nmber of conventional eommerciaily 
avails expansion cones. In several alternative embodimente, the expansion cone 
205 may be controllaMy expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348.085, andfor 6.012.523, the disclosures of which are 
incorporated herein by rsierBnce. 

The tubular member 210 may be fabricated from any number of conventional 
commercislly available materials such as. for exampte, Oilfleid Country Tubular Goods 
(OCTGX 13 chromium steel tubing/casing, or plastic tubing/casing, in a preferred 

20 embodiment, the tubular member 210 is fobricated from OCTG in order to maximize 
strength after expansion. In several alternative embodimente. the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 matertels. the length of 
the tubular member 210 Is preferably limited to b^ween about 40 to 20.000 feet h 
length. 

25 The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member, in a preferred 
embodiment, the wail thidmess of the intermediate portion 21 Ob of the tubular member 
201 is less than the wall thidcness of the upper portion 21 Oc of the tubular member in 
order to fediiiato the initiation of the radial expansion process, in a preferred 

30 embodiment, the upper end portion 210d of the tubular member 210 is slotted. 

perforated, or othenwise modlRed to cateh or slow down the expansion cone 205 when 
It oomptetes the extrusion oftubuiar member 210. In a prsfbrred embodiment, wail 
thidcness of the upper end portion 210d of the tubular member 21 0 te gradually tapered 
in Older to graduaHy reduce the requtred radial expansion fences during the latter 

35 stages of the radial expansion process. In this manner, shodcloading conditions 
during the latter stages of the radial expansion process are at least minimized. 
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A shoe 215 is coupled to the lower portion 210e of the tubular memt)er. The 
shoe 215 Includes an upper portion 215a. an Intermedlaie portion 215b. and lower 
portion 21 5c having a valveaMe fluid passage 220 that Is prafeiably adq>ted to receive 
a plug, dart, or ottier similar element for controllably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimaliy sealed off introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c. of the shoe 215 are preferably 
substantially hjbular, and the intermediate portion 215b of the shoe is preferably at 
least partially folded Inwardly. Furthermore. In a preferred embodiment, when the 

10 intemoediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressure to the Int^or region 230 of the shoe, the Inside and outside diameters of the 
intermediate portion are preferably both greater than the Inside and outside diameters 
of the upper and lower portions. 215a and 215c. In this manner, the outer 
drcumference of the intermediate portion 215b of the shoe 215 preferably greater 

15 than the outside dro u mfei ences of the upper and lower portions. 215a and 21 5b. of the 
shoe. 

In a prefianed embodbnent. the shoe 21 5 further includes one or more through 
and side outM ports bifluidic communication with the fluid passage 220. Inthis 
manner, the shoe 215 optimally Neds hardenaUe fluidic sealing material into the 
20 region outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 2^ and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. Hw fluid passage 225a is 
preferably fluidldy coupled to the fluid passage l»)5a. In this manner, fluidic materials 
25 may be conveyed to and ftom the region 230 below the expansion cone 205 and above 
the bottom of the shoe 21 5. The fluid passage 225b is preferably fluidldy coupled to 
the fluid passage 225a and includes a conventional control valve, in this manner, 
during placement of the apparatus 200 within the weObore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further indudes one or more conventional centralizers (not illustrated) to help 
stabiflze the appar^ 200. 

During placement of the apparatus 200 within the weObore 100. the fluid 
passage 225a is prefisrably sefeded to transport materfeb such as. fer example, drilling 
mud or fonnatton fluids at flow rates and pressures ranging finom about 0 to 3,000 
35 galonsAnimito and 0 to 9,000 psi in order to minimize drag on the tubular member 
being run and to minimize suige pressures merted on the wetlbare 130 which oould 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the welltwre 100. the fluid passage 225b is preferat>ly selected to 
convey fluldic materials at floftv rates and pressures ranging from about 0 to 3,000 
galtonsMiinute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 

5 during insertion into the new section 130 of the wellbore 100 and to ininlmize surge 
pressures on the new weibore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 
10 number of conventional commercially available cup seals such as. for example. TP 
cups, or Selective Injection Pad<er (SIP) cups modified In accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Hailiburion Energy Services In Dallas, TX In order to 
optimally blodc foreign material and contain a body of lubricant In several attemative 
15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing nfiernbers 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 210d of the tubular member 210. The 
sealing members 240 prBfarebly provide an overiapping Joint between the lower end 
portion 115a of the casing 115 and the upper end portion 21 Od of the tubular member 
210. The sealing members 240 may be any number of c^waptional commercially 
available seals such as, for example, lead, rubber. Teflorrfw ipoxy seals modified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are molded from Strataiock epo)^ available from Hailiburion 
Energy Senrices in Dallas. TX In order to optimally provide a load bearii^ interierence 
fit between the upper end portion 210d of the tubular nwrnber 210 and the lower end 
portion 115a of the existing casing 115. 

In a prefenred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to siwort the expanded tubular member 210 from 
the existing casing 115. In a prefened embodiment, the frictional force optimally 
provided the sealing members 240 ranges from about 1.000 to 1.000,000 ibf in 
order to opUmaily support the expanded tubular member 21 0. 

In an tftemallve embedment, the sealing members 240 are omitted from the 
upper end portion 210d of the tubuler member 210. and a load bearing metaHo^tal 
intetfersnce fit is provided between upper end portion of the tubular member and the 

lower end portion 1 15a of the existiiig casing 1 15 by piBsticaly defbrming and radially 
expanding the tubular member into contact with the existing casing. 
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In a prefened embodiment, a quantity of lubricant 245 is provided in the annular 
region above the e)(pansion cone 205 within the interior of the tubular member 210. In 
this manner, the extmsion of the tubular member 21 0 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any numt>er Of mnvpntional commercially 
available lubricants such as. for example. LubriplatlfStorine based lubricants, oil 
based lubricants or aimax 1500 Antlsleze (3100). In a preferred embodiment, the 
lubricant 245 is aimax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. In Houston. 7X in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

in a preferred embodiment, the support member 225 is thoroughly cleaned prior 
to assembly to the remaining portions of the apparatus 200. In this manner, the 
Introduction of (breign material Into the apparatus 200 is minimized. This minimizes the 
possibilily of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

In a prefarred embodiment, before or after positioning the apparatus 200 within 
the rmt section 130 of the wellbore 100. a couple of weHbore' volumes are circulated in 
order to ensure that no fbieign materials are locatad within the wellbore 1 00 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material IntBrieres with the expansion process. 

As illustrated in FIGS. 2 and 2e. in a prefened embodiment, during placement 
of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 

that are displaced by the apparatus are at leasi partially conveyed through the fluid 
passages 220. 205a. 225a. and 225b. In this manner, surge pressures created by the 
friacement of the apparatus within the wellbore 1 00 are reduced. 

As lilustFalad In FIGS. 3. 3a. and 3b. the fluid passage 225b Is then dosed and 
a hardenabie fluidic sealing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 
220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 21 0 and the Interior wall of the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped into the annular region 260 at pressures 
35 and flow rates ranging, liar examplB. from about 0 to 5000 pal and 0 to 1,500 
gatonaAiiln. respeetlvBly. The optimum flow rale and operating pressures vary M 
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function of the casing and wellbore sizes. weUt}or8 secBon length, available purT4>ing 
equlpnnent, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detemiined using conventional empirical 
methocte. 

The hardenable fluidic sealing material 255 may be any number of conventional 
commercially available hardenable fluidic sealing materials such as, for example, slag 
mbc cennent. latex or epoxy. In a prefened embodiment, the hardenable fluidic sealing 
material ^ Is a blended cement prepared spedficaily for the particular weU section 
being drilled from Halliburton Energy Services in Dallas. TX in order to provide optimal 
support for tubular member 210 vvhile also maintaining optimum flow characteristics so 
as to minhnize difficulties duririg the dispiaoement of cement In the annular regbn 260. 
The optimum blend of the blended cement is preferably detennined using conventional 
empirical methods. In several altemative embodhnenls. the hardenable fluidic sealing 
material 255 is oomprsssible before, during, or after curing. 

The annular region 260 preferably Is filled with the material 255 In sufficient 
quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 Into the annular 
raglon 260 Is omitted, or Is provided after the radial expansion of the tubular member 
210. 

As illustrated In FIGS. 4. 4a. and 4b. once the annular region 260 has been 
adequately filled with the material 255. a plug 265, or other similar device, Is introduced 
into the fluid passage 220. thereby fluididy isolating the Interior region 230 from the 
annular region 260. In a prefened embodiment, a non-hantenable fluidic material 270 
is then pumped into the interior region 230 causing the Interior region to pressurize. In 
this manner, the Interior region 230 of the expanded tubular member 210 will not 
contain significant anwunts of the cured material 255. This also reduces and snnplifies 
the cost of the entire process. Alternatively, the material 255 may be used during this 
phase of the process. 

As fllustrated In FiG. 5, In a preferred embodiment, the continued Injection of 
the fluidic nnaterial 270 pressurizes the region 230 and unfolds the intennediate portion 
215b of the shoe 215. In a preferred embodiment, the oulslds diameter of the unfolded 
intennediate portion 215b of the shoe 215 is greater than the outside diameter of the 
upper and lower porliona. 215a and 215b. of the shoe. In a preferred embodiment, the 
inside and outside diametare of the unfolded Intennediate portion 215bof the shoe 215 
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are greater than the inside arKl outside diametere, respoctivBly. of the 
portions. 215a and 215b. of the shoe. In a preferred emiwdiment the inside diameter 
of the unfolded Intennediate portion 215b of the shoe 215 is substantiaily equal to or 
greater than the Inside diameter of the preexisting casing 115 in enter to optimally 
5 facirrtate the fonnation of a nxmo-dianneter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 206 Is 
then lowered Into the unfolded intemfiediate portion 215b of the shoe 215. In a 
prefened embodiment, the expansion cone 205 is lowered into the unfolded 
intennediate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 projdmate the lower portion 215c of the shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfolded intennediate portion 215b of 
the shoe 21 5. the malarial 255 within the annular region 260 and/or the bottom of the 
wefflwre section 130 maintains the shoe 215 in a substantialty stationary position. 
As iHuslrated in FIG. 7, in a preferred embodlrnent. the outside diameter of the 

15 expansion cone 205 Is then increased. In a prefened entedlment. the mitside 
diameter of the e}q)anslon cone 205 Is increased as disclosed in U.S. patent nos. 
5,348,095, andfor 6,012,523, the disclosures of which are Incorporate herein by 
rrfBTsnoe. In a prefened embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantteliy equal to the inside (fiameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodiment, ttie expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prior to being redially expanded. In this 
manner, the upper portion 21 Oc of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 >n another altern^iveembodlnrient. the expansion cone 205 is not radial^ 

expanded. 

As illustrated In FIG. 8. In a preferred embodiment, a fluldic material 275 Is then 
IrilBCtod Into the region 230 through the fluid passages 225a arid 205a. inapreferred 
embo(fiment. once the interior regton 230 becomes sufRdentty pressurized, the upper 

30 portion 215a ofthe shoe 215 and the tubular member 210 are preferably plasticaly 
deformed, radially expanded, and extnxtod off of the expansion cone 205. 

Furthermore, in a prefened embodiment, during the end of the radtel expansion 
process, the upper portion 210d of the tubutar member and the tower portion of the 
preexisting casing 11 5 that overiap with one another are simultaneously plastlcany 
35 defomwd and radtelly expanded. In this manner, a montHliameterwelbore casing 
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may be formed that included the preexisting welltwre casir^ 115 and the radially 
expanded tutHilar mendser 2ia 

During the extrusion process, the expanston cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded In order to keep the tubular member 210 
stationary relative to the new weilbore section 1 30. In this manner, an overlapping Joint 
betvveen the racflally expanded tubular member 210 and the lower portion of the 
preexisting casing 1 1 5 may be optimally fbrnned. In an attemative preferred 
embodiment the expansion oone 205 is maintained In a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude ofT of the 
er)4)an8ion oone 205 and Into the new weljbore sedion 130 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a prefMrad embodiment, when the upper end portion 210d of the tubular 
member 210 and the lower portion of the preexisiing casing 115 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205. the 

expansion cone 205 is dtepiaoed out of the weilbore 100 by both the operating 

pressure witMi the region 230 and a upwanfly diradsd axtal force applied to the 
tubular support member 225. 

Tiie overiapping joint between the lower portion of the preexisiing casing 1 15 
and the radially expanded tubular member 210 prsfsrabiy provides a gaseous and 
fluWic seal. In a particularly prefiBrred embodiment, the sealing members 245 optlmaliy 
provide a fluidic and gaseous seal in the ovedapiring jomL In an alternative 
embodiment, the sealing members 245 are onAted. 

in a prefBrred embodiment, the operating pmsure and flow rale of the fluidic 
material 275 is controllabiy ramped down when the e3q)ansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden reiease 
of pressure caused by the complete extnision of the tubular member 21 0 off of the 
expansion cone 205 can be minimized. In a preferred embodiment, the operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
the end of the extmslon process beginning when the expansion cone 205 is vidthln 
about 5 feet from completion of the extnelon process. 

Altemativeiy. or in combination, the wail thickness of the upper end portion 
210d of the tubular member Is tapersd In order to gradually rsduce the required 
operating pressure for ptastically deforming and radially eiqianding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Altematlveiy, or In combination, a shock absorber is provided in the support 
rmvber 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventkmal commeicidiy 
avallat)le shock absorber, bumper sub, or Jare adapted for use in wellbore operafions. 

Altematively, or in combination, an expanskm cone catching stnjcture is 
provided in the upper end portton 21 Od of the tubular member 210 In oider to catch or 
at least decelerate the expanskxi cone 205. 

In a preferrMl embodiment, the apparatus 200 is adapted to minimize tensite, 
burst and friction effects upon the tubular member 210 during the expanskm process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
materiat compoeitton of the tubular member 210 and expansion cone 205, the Inner 
diameter of the tubular member 21 0, the wail thkkness of the tubular member 210, the 
type of iubrfeant. and ttieyiekl strength of the tubular member 210. in general, the 
Ihteker the wall thickness, the smaller the inner diameter, and the greater the yiekl 
strength of the tubular member 210. then the greater the operating pressures required 
to extmde the tubular menrtf)er 210 off of the expanston cone 205. 

i=br typical tubular membere 210. the extruskm of the tubular member 210 off of 

Ihe expansion oone 205 will begin when the pressure of the Meilor regkm 230 
reaches, for exan^. approximately S(M) to 8,000 psi. 

During the extrusion process, the expaneton cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 Wsec In a preferred embodiment, during the extruskm process, the expansion 
cone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 fl/sec In order to minimize the tinne required for the expanston 
process while also permitting easy control of the expansion process. 

As Hustrated In FIG. 9, once the extnskm process is con^ted. the expanskm 
cone 205 is removed from the wellbore 100. In a preferred embodiment, either before 

or afler the renmviri qf the expanskm cone 205. the integrity of the fiuMte seal of the 
overiapiring Joint between the upper end portkm 210d of the tubular fmrribw 21 0 and 

the kMter end portion 1 15a of the preexisting wellbore casing 11 5 is tested using 
oonvenltonai methods. 

In B prefetred embodiment. If the fluhlic seal of the overtapping joint between 

the upper end portkm 21 Od of the tubuter member 210 and the kMver end porlkm 115e 

of the caskig 1 1 5 te satisfBctory, then^ any uncured portkxi of tfw meterlal 255 Within the 
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expanded tubular member 210 is then removed in a oonventlonai manner such as. for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the weObore section 130 
and a drill bit or mfll is used in combination with a conventional driUing assembly to drill 
5 out any hardened material 255 within the tubular member 21 0. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fuHy 
cure. 

As iliustrated in FIG. 10. the bottom portion 215c of the shoe 215 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The weilbore 100 may then be extended in a conventional manner using a 
conventional driWng assembly. In a prefenred embodiment, the inside diameter of the 
extended portion of the weDbore 100 is greater than the inside diameter of the radialiy 
expanded shoe 215. 

As DIustralBd in RG. 11, the method of FIGS. 1-10 may be repeatedly 
15 performed in Older to provide a nriono^liameterwellbore casing that includes 

overiapping weilbore casings 115 and 210a.210e. The weHbore casing 115. and 210a- 
210epreliBrably include outer annular teyBfsoffluidlc sealing material. Altemattvely, 
the outer annular layere of fiuidic sealing material may be omitled. m this manner, a 
mowHliameter weilbore casing may be fomrad within the subtenanean fomtation that 
extends for tens of thousands of feel More generally still, the teachings of FIGS. 1-11 
may be used to fbmn a moncHliametar weilbore casing, a pipeHne. a structural support, 

or a tunnel vvithin a suWsrranean formation at any orientation from the vertical to 
horizontal. 

In a prefsned embodiment, the formation of a momHjiameter weHbore casing, 
as illustrated in FIGS. M1. is further provided as disclosed In one or more ofihe 
following: (1 ) U.S. patent application serial no. 09/454.139, attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791.7.02, filed on 2«3«)00. (3) U.S. patent application serial 
na 0a«02.350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U:S. patent 
appBcalton serial no. 09/440,338. attomey docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patent appicatnn serial na 09/523.460, attomey docket no. 25791 .1 1 .02, filed 
on 3/1(V2000, (6) U.S. patent appncafion serial no. 09^12.895. attomey docket no. 
25791.12.02. filed on 2«4«000. (7) U.S. palentappIkaBon serial no. 09/511,941. 
attomey docket no. 25791.16.02. filed on 2J2AI2000. (8) U.S. patent appNcation serial 
no. 00/588.946. attonwy docket na 25791.17.02, filed on 6nr/2000, (9) U.S. patent 
appBcatkm serial no. 09^59.122. attomey docket no. 25791.23.02. filed on 4/26/2000. 
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(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no, 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999. (12) U.S. proviskmal 
patent application serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provistonal patent appTication serial no. 60/159,082. attorney 
docket no. 25791.34. filed on 10/12/1999. (14) U.S. provisional patent applicatkm serfal 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent applteatnn serial no. 60/159,033. attorney docket no. ^791 .37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212.359. attorney 
docket no. 25791.38, filed on 6/19«000, (17) U.S. provlsiorml patent applteatkm serial 
no. 60/165^8, attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. 
praviskinal patent appllcatkm serial no. 60/221,443. attorney docket no. 25791 .45, filed 
on 7/28/2000, (19) U.S. proviskxiai patent applteathxi serial no. 6W221,645, attorney 
docket no. 25791.46, filed on 7/28/2000. (20) U.S. proviskxiai patent applicatton serfal 
no. 60/233.638, attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provistond 
patent appiteatton serial na 60/237,334. attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. provlstonal patent appDcatkm serial no. 60/262.434, attorney 
docket na 25791.51. filed on 1/17/2001, ttw disctosures of which are incorpoiated 
herein by reference. 

Referring to FIQS. 12. 12a, 12b. 12c and 12d. in an aitemative embodiment, an 
apparatus 300 for fomnlng a mbrio-diameter weflbora casing is posittoned wHhln the 
vvetlbore casing 1 15 that is substanttally kfentical In design and operatton to the 
apparatus 200 except that a shoe 305 is substituted for ttie shoe 215. 

In a preferred embodiment, the shoe 305 includes an upper portion 305a. an 
intermediate portion 305b, and a lower portion 305c having a vatveable fluid passage 
310 that is preferably adapted to receive a plug, dart, or other slnr^lar element for 
COTtrollably sealing tt» fhjid passage 310. In this nranner, the fiukJ passage 310 may 
be optimally sealed off by Introckidng a plug, dart and/or ball sealing elements into ttie 
flidd passage 310. 

The upper and kMier porik)ns, 305a and 305c of the shoe 305 are preferably 
substantially tubular, and the intermediate portion 305b of the shoe includes 
corrugations 305ba-30Sbh. Furthermore, in a prefsned embodiment, when the 
intemnedlate portion 30Sb of ttie shoe 305 is radially expanded by ttie application of 
fluM pressure to the interior 315 or the shoe 305. ttie inside and outskle diameters of 
the FadiaUy expanded intemfiedlate portton are prefeFably botti greater than the inskie 
and outside diameters of ttie upper and iowar portions, 30Sa and 30S& In tttia manner. 
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the outer droimference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferences of the upper and lower portions. 306a and 3050. 
of the shoe. 

In a preferred embodiment, the shoe 305 further iridudes one or more through 
and side outlet ports in fluidic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally Injects hardenable fluidic sealing material into the 
region outside the shoe 305 and tubular member 210. 

In an alternative embodiment, the flow passage 31 0 is omitted. 

In a prefbriad embodiment, as illustrated in FIGS. 12 and 12d, during 
placement or the apparatus 300 wflMn the wellbore 100. fluidic materials 250 within the 
weBbore that are displaoed by the apparatus are conveyed through the fluid passage 
310, 205a. 225a. and 22Sb. In this manner, suige pressur«s created by the placement 
of the apparatus within the wellbore 100 are reduced. 

rn a prefened embodiment as niuatraied In FIG. 13 and 13a. the fluid passage 

225b is then closed and a hanJenaWe fluidic sealing material 255 Is then pumped from 
a8urf8celocalk)nintolhefluldpa88ag«8225a and 205a. The material 255 then 

passes from the (luW passage 205a into the interior region 31 5 of the shoe 305 below 
the expansion cone 205. The material 255 then passes ftom the Interiorieglon 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fills the 
annular region 260 between the exterior of the tubular member 210 and the interior waU 
ofthenewsechon 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is preferably pumped Into the annular region 260 at prenufes 
and flow rates ranging, lor example, from about 0 to 5000 psi and 0 to 1 .500 
gallons/Wn. respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional empirical 
methods. 

The haidenabie fy die sealing material 255 may be any number of conventional 
commeidally available hardenable fluidic ^ilng materials such as. for example, slag 
mbt, oemenl. latex or epoxy. In a prefened embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared apedflcally for the particular weR section 
being drilled from italliburton Energy Services in Dallas. TX In order to provide optimal 
support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize dMBcultles during the displaoenwrt of cement In the annular region 260. 
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The opfimum blend of the blended cement Is preferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidle sealing 
material 255 is oompresslble befbre. during, or after curing. 

The annular region 260 preferably Is fyied with the rnatertal 255 in sufB^ 
quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an altemative embodiment, the injedioh of the matertel 255 into the annular • 
region 260 is omitted. 

As fflustrated in FIG& 14 and 14a. once the annuter region 260 has been 
adequately filled with the material 255. a plug 265. or other similar device, is introduced 
Into the fluid passage 310. thereby fluididy Isolating the interior region 315 from the 
annuter region 260. In a prefened embodiment a non^iardenable fluidic material 270 
is then pumped bite the interior region 315 causing the interior region to pressurize. In 
this manner, the interior region 316 will not contain significant amounte of the cured 
matoriai2S5. This also reduces and simpllftes the cost of the entire process. 
AlterTMtively. the material 255 may be ui»d during tWs phase of the process. 

As Hiustrated in FIG. 15, in a prefiBned embodiment, the continued irijection of 
the fluidic material 270 pressurizes the region 31 5 and unfolds the corrugations 305ba- 
305bh of the intermediate portion 305b of the shoe 305. In a preferred embodiment. 

the outeldediamelerofthe unfolded Intermedtate portion 305b ofihe shoe 305 Is ' 
greater than the outeidedianteterof the upper and lower portions. 305a and 305b. of 
the shoe. In a prefened embodiment, the inside and outeide dtemeteis of the unfbided 
Intemiedtete portion 305b of the shoe 305 are greater than the-inside and outeide 
diameters, respectively, of the upper and lower' portions, 305a and 305b. of the shoe. 
In a prefened embodiment, the insida diameter of the unfolded intennedtete portion 
305b of the shoe 305 is substentiaHy equal to or greater than ttie inside diameter of the 
preexisting casing 305 In order to optimize the formation of a mono^temeterwellboie 
casing. 

As Hiustrated in FIG. 16. in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfaldedintennedteto portion 305b of the shoo 305. Ina 
prefened embodhnenl, the expansion corie 205 is lowered Into the unfolded 
intemiedtete portion 305b of the shoe 305 untfl the bottom of the expansion cone Is 
proximate the tower portion 30SC of the shoe 305. in a prefened embodiment, during 

Ihe lowering or the expansion cone 205 into the unfolded Interrnedlate portion 30^^ 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 in 
a sut>stantiaiiy stationaiy positton. 

As Illustrated In FIG. 17. in a preferred embodiment, the outside diameter of the 
expansion oone 205 is then increased. In a pr^erred emlxxJImert, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5.348,095. and/or 6.012.523, the disclosures of which are incorporate herein t)y 
reference. In a preferred eml)odiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the ifiside diameter of the preexisting 
weflbote casing lis. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 305 prior to being Fadlally expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion oone 205. 

In another alternative ernbodlment, the expansion oone 205 is not radially 
expanded. 

As illustrated in FIG. 18, in a preferred embodiment, a fkJidic material 275 is 
then Injected into the region 315 ttmxjghttw fluid passages 225a and 205a. Ina 
preferred embodiment, once the interior region 315 becomes sufOdenfly pressurized. 

the upper portion 305a of ttie shoe 305 and the tubular member 210 are preferably 
plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthermore. In a preferred embodfrnent. during ttie isnd of ttie radial e)q)ansion 
process, the upper portion 210d of ttie tubular member and ttie lower portion of the 
preexisting casing 1 1 5 ttiat overtap witti one anottier are simultaneously plasticcdiy 
defbnned and radially expanded. In ttiis manner, a mono^iameter weUbore casing 
may be formed ttiat includes ttie preexisting wellbore casing 115 and ttie radially 
expanded tubular member 210. 

During ttie extrusion process, ttie expansion cone 205 may be raised out of ttie 
expanded portion ofttie tubular member 210. In a preferred embodiment, during ttie 
extnision process, ttie expansion cone 205 is raised at approximately ttie same rale as 
ttie tubular member 210 Is expanded In order to keep ttie tubular member 210 
stationary relative to ttie new wellbore section 130. In Oils manner, an overlapping joint 
between ttie radially expanded tubular member 210 and ttie lower portion of ttie 
preexisfing casing 115 msqr be opttnally formed. Inanaltemativeprefened 

enfibodbnent. ttie expandon cone 205 is rnaintained ina staOonary position during ttie 
extrusion process tiiereby allowing ttie tubular member 210 to exinjde off of ttie 
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expansion cone 205 and into the newweilbore section 130 under the force of gravity 
and the operating prsssiffe of the interior region 230. 

In a preferred emlxxliment. when the upper end porUon 210d of the tubuiar 
memtw 210 and the lOMrer portion of the preexisting casing 1 15 that overlap with one 
another are piastically defbnned and radially expanded by the expansion cone 205. the 
expansion cone 205 Is displaced out of the welilwre 100 by Iwth the operating 
pressure within the region 230 and a upwardly direded axial force applied to the 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 115 
and the radialV expanded tubular member 210 preferably provides a gaseous and 
fiuldic seal. In a particularty preferred ertfibodiment. the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping Joint In an alternative 
enrixxliment, the seaEng members 245 are omitted. 

In a prefened embodiment, the operating pressure and flow rate of the fluidic 
material 275 is oontroOably ramped down when the expansion cone 205 reaches the 
upperefKi portion 210d of the tubular member 210. in this manner, the sudden release 

of pressure caused by the a)mplete extruston of the tubular member 210 off of the 
expansion cons 205 can be mlnimizBd. In a praferred embodiment, the operating 
pressure is reduced in a substantially linear fashion fifom 100% to about 10% during 
the end of the extmsion process beginnihg when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion 
210d of the tubular member is tepered in order to gradually reduce the required 
operating pressure for piastically deforming and radially expanding the upper end 

portion of the tubular member. In this manner, shock loading of the apparatus may be 
at teast partially minimteed. 

AhematlvBly, or in combination, a shock absorber is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventtonal commercially 
avallabte shock absorber adapted for use In weHbore operattons. 

Altematfwely. or hi combmatkm. an expanston cone catching structure is 

provided In the upper end portton 2l0d of the tubular member 210 In orter to catch or 
at least decelerate the expansion cone 205. 

In a prsliBrrBd embodiment, the apparatus 200 is adapted to minimize tensile. 

35 buret and fHction effects upon the tubular member 210 during the expanskm^^ 

These effeds win be depend upon the geometry of the expanston cone 205, the 
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material composition of the tubular member 210 and expansion oone 205, the inner 
diameter of the tut)ular member 210. the wall thiciaiess of the tubular member 210. the 
type of lubricant, and the yield strength of the tubular member 210. In general, the 
tNcker the wail thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 210, then the greater Ihe operating pressures required 
te extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular membere 210, the extmsion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for exantple, approximately 500 to 9,000 psi. 

10 During the extrusion process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fl^a In a pr^erred embodiment, during the extniston process, the expansion 
oone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 fl^sec in order to minimize the time required for the expansion 

15 process wt^ also permitting easy control erf the «(paidon process. 

As illustrated In FIG. 19, onoe the exinjrion process is completed, the 
expansion oone 205 is removed from the weObore 100. In a prefsnred embodiment, 
either before or after the renwval of the ttcpansion cone 205. the htegrity of the fluidic 
seal of the overlapping Joint between the upper end portion 210d of the tubular member 

20 210 and the lower end portion 115a of the prBe}dstlngwellbore casing 115 is tested 
using conventional methods. 

In a prefened embodiment, if the fluldic seal of the overiapping Joint between 
the i^per end portion 21 Od of the tubuter member 210 and the lower end portion 1 15a 
of the casing 115 is satistectory, then any uncured portion of the material 255 within the 
25 expanded tubular member 21 0 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 Is then pulled out of the welibore section 130 
and a drfll bit or mill is used in combination with a conventional drilling assembly to drill 
out any hanlened material 255 within the tubular member 210. In a prefened 

30 embodiment, the material 255 within the annular rsgion 260 is then aOovred to fiilly 
cure. 

As illustrated in FIG. 20. the bottom portion SOSc of the shoe 305 may then be 
removed by drRling out ttie bottom portion of the shoe using convanUonai drilling 
methods. The welibore 100 may then be extended in e oonventional manner using a 
35 oonventional driUng assembly. In a prsfianBd embodiment, the inside diameter of the 
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extended portion of the weiibore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may t>e repeatedly perfomied in order to provide a 
mon<Hjianrieterwni)orBcaslngthatindudesoverlapplngwenborecaslng^^ The 
overtapping welltXNe casing preferably include outer annular layers of fluidic sealing 
material. Alternatively, the outer annular layers of fluidic sealing material may be 
omitted. In this manner, a nrwnoKHameter vwllbore casing may be formed within the 
subtenanean fbmiation that extends for tens of thousands of feeL More generally still, 
the teachings of FIGS. 12-20 may be used to fbmi a moncHliameter wetlboie casing, a 
pipeline, a struehjral support, or a turmej within a subterranean fbnnatlon at any 
orientation from the vertical to the hortacontel. 

In a prefened embodiment, the fbnnatipn of a montHJiameter weUbore casing, 
as illustrated in FIGS. 12-20. is further provided as disclosed in one or more of the 
IbiloKvIng: (1) U.S. pateht application sertel no. 08/454.139, attemey docket no. 
15 25791 .03.02, flted on 12W1999. (2) U.S. patent application serial na 0W510.913. 
attorney docket no. 25791 .7.02. flted on 2tt3CO0O. (3) U.S. patent appOcafion sertel 
no. 0W502.350. attorney docket no. 25791.8.02. fited on 2^10«000. (4) U.S. patent 
application sertel no. 09W40.338, attorney docket na 25791 A02. fited on 1 1/15/1999. 
(5)U.S. patent appficatioh serial no. 09/523.460, attorney docket no. 25791.1 1.02. flted 
20 on 3/1(y2000. (8) U.S. patent application sertel no. 09/512.895. attorney docket no. 
25791.12.02, filed on 2«4/2000. (7) U.S. patent appDcaiton sertel no. 09/511.941, 
attorney docket no. 25791.16.02, filed on 2^4/2000. (8) U.S. patent appRcation serial 
no. 09/588.946, attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
appUcation serial no. 09/559,122, attomoy docket no. 25791.23.02, filed on 4/28«000. 
25 (10) PCT patent application sertel no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000, (11) U.S. provistonal patent appUcation sertel no. 
60/162.671, attorney docket no. 25791 .27. filed on 1 1/1/1999. (12) U.S. provistonal 
patent appHcation sertel no. 60/154.047, attorney docket na 25791.29, filed on 
9/16/1999. (13) U.S. pravtelonal patent appltoafion sertel na 60/159.082. attorney 
30 docket no. 25791.34. flted on 10/12^999. (14) U.S. provistonal patent application sertei 
no. 60/159.039. attorney docket na 26791.36. flted on 10/12/1999. (15) U.S, 
provbtenal patent appOcation sertel no. 60/159.033. attorney docket no. 25791.37, fited 
on 10/12/1999, (16) U.S. provteional patent appDcaflon sertel no. 60212.369. attorney 
docket no. 25791.38. flted on 6/190000. (17) U.S. piovfetonal patent applcation serial 
35 no. 60/165.228. attorney docket no. 25791.39. flted on 1 1/12/1999. (18) U.S. 

provlsfanal patent applcaHon serial no. 60«21.443. attorney docket no. 25791.45. fited 
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on 7/2a/2000. (19) U.S. provisional patent application serial na 60/221.645. attorney 
docket no. 2579t.46, filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233.638, attorney dodcet no. 25791.47. filed on 9/18Q00O. (21) U.S. provisional 
patent application serial.no. 80/237.334, attorney docket no. 25791.48. filed on 
10/2/2000. and (22) U.S. provisional patent application serial no. 60/262.434. attorney 
dodcet no. 25791.51. filed on 1/17/2001. the disdosures of wtiteh are incorporated 
lierein by reference. 

In several alternative eml>odiments, ttte apparatus 200 and 300 are used to 
fbnn and/or repair wellbore casings. pipeTines, and/or structural supports. 

In several alternative emt>odimente, the folded geometries of the shoes 21 5 and 
305 are provided In accordance with the teachings of U.S. Patent Nos. 5.425.559 

and/br 5.794,702. the disdosures of which are incorporated herein by referBnce. 

An apparatus for forming a welibore casing in a borehole located in a 
subterranean formation including a preexisting welibore casing has been described that 
includes a support member induding a first fluid passage, an expansion cone coupled 
to the support member induding a second fluid passage fluldldy coupled to the first 
fluid passage, an exparKiable tubular Hner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular Gner. In a preferfod 
embodiment, the expansion cone is expandable. In a prefBiTed embodiment, the 
expandabte shoe includes a valveable fluid passage for controOing the flow of fluMic 
materials out of the expandable shoe. In a prefBrred embodiment the expandable 
shoe Includes: an expandable portion and a remaining portion, wherein the outer 
drcumference of the expandabte portion is gnraler than the outer drcumferenoe of the 
lemaining portion. In a preferred embodiment, the expandable portion includes: one or 
more Inward folds, in a preferred embodiment the expandable portion includes: one or 
more corrugations. In a preferred embodiment, the expandabte shoe Indudes: one or 
more inward folds. In a ptefenned embodbnent. the expandabte shoe indudes: one or 
nwne corrugations. 

A shoe has also been described that includes an upper annutar portion, an 

intermedtete annuter portion, and a lower annular portion, wherein the intemwdiate 

annular portion has an outer drcumferenoe that is targer than the outer drcumferences 

of ttie upper and lower annuter portions. In a prefsned embodiment, the lower annuter 

portion indudes a valveaUe fluid passage for oontroHIng the flow of fluidic materiate out 

oftheshoe. In a preferred embodiment, the Intemwdiate portion Includes one or more 

inward folds, te a prefsned einbodbnent, the Inteimedtete portion Indudes one or more 
oorrugalions. 
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A method of forming a wellbore casing in a subtenanean fomiation having a 
preexisting wellbore casing positioned in a borehole has also been desolbed that 
indudes installing a tubular Bner. an expansion cone, and a shoe In the borehole, 
radially expanding at least a portion of the shoe by Injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole bekyw the expansion cone, in a preferred embodiment, the 
method further indudes radially expanding the expansion cone. Inaprefened 
embodimenl. the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion oone. In a 
preferred embodiment the method further includes radialV expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the rediaiiy expanded expansion cone. In a prefeiied embodiment, the method further 
includes injecting a haitienable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the method further Indudes 
radiallyexpandingatleastapoitlonofthepreexistingwellborecaslng. Inapreferred 
embodiment, the method further indudes overiapping a portion of the radially 

expanded tubular liner vwith a portion of the preexisting wellbore casing, inaprefened 
embodiment, the inside diameter of the rediaiiy expanded tubular liner is substantially 
equal to the inside diameter of a nonoverfapping portion of the preexisting wellbore 
casing, in a preferred embodiment, the method further indudes appiyingan axial force 
to the expansion oone. In a prefbrred embodiment, the inside diameter of the radlaHy 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean fbmiatlon having 
a preexisting wellbore casing positioned in a borehole has also been described that 
indudes means for insteOing a tubular liner, an expansion cone, and a shoe In the 
borehole, means for rediaiiy expanding at ledst a portion of the shoe, and means for 
radially expanding at teast a portion of the tubular liner, in a preferred embodiment, the 
apparatus further includes means for radially expanding the expansion cone. In a 

prefsned embodiment, the apparatus further Indudes means for lowering the 
expansion cone into the radteDy expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
Indudes maane for Irijectlng a fluidic material Into the borehote below the radially 
e)qpanded expansion cone. In a preferred embodiment, the apparatus further indudes 
means for injecting a hardenabte fluidic sealing material into an annulus between the 
tubular Bner and the borehote. In a prefonad embodiment, the appwatusftjrther 
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Includes ineans for radially expanding at least a portion of the preexisting wellbore 
CMlng. In a preferred embodHnent, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellt)ore casing. In a preferred embodiment, the inside diameter of the 
radially expanded tubular Bner is substantially equal to the inside diameter of a 
nonoveriapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further includes means for applying an axial foroe to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a welibore casing within a subterranean formation 
Including a preexisting welibore casing positioned In a borehole has also been 
descrfced that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overtapping portion of the preexisting welibore casing. The 
ir»ide diameter of the radially e)q)anded tubular Dner Is substantially equal to the inside 
diameter of a non-overlapplrig portion of the preexisting welibore casing. 

A welibore casing positioned In a borehole within a suUenanisan fbnnation has 
aiso been described that indudee a first welibore casing and a second welibore casing 
coupled to and overtapping with the first weRbore casing, wherein the second welibore 
casing is coupled to the first welibore casing by the process of. installing the second 
wetH)ore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second welibore casing liy irijecling a fluidic material 
Into the borehole below the expansion cone. In a prefenedembocflment. the process 
for fomning the welibore casing further Inckides radiaUy expanding the expansion cone. 
In a preferred embodiment the process for forming the welibore casing further includes 
lowering the expansion cone into the radlaHy expanded portion of the shoe, and radially 
expanding the expansion cone. In a prefenred embodiment, the process for fbnning the 
welibore casing further includes radially expanding at least a portion of the shoe and 
the second welibore casing by Injecting a fluidic material into the borehole below the 
radially expanded expansion cone. In a prefBrred embodiment, the process for fomting 
the weHbore casing further includes injecting a hardenabte fluidic sealing material into 
an annuhn between the second welibore casing and the borehole, inaprefened 
embodiment, the process for fonning the w^)ore casing further Includes radially 
expanding at least a portion of the first weDbore ceslng. In a preferred embodiment, 
the process for fomnlng the welibore eating further Includes overtapping a portion of the 
radially expanded second welbore casing with a portion of the first weHbore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second welibore 
casing is substantially equal to the inside diameter of a rwnoverlapping portion of the 
first welibore casing. In a prefenedenribodiment. the process for forming the wellbofe 
casing further includes applying an axial force to the expansion cone. In a preferred 
embodiment, the inside diameter of the radially expanded shoe is greater than or 'equal 
to the inside diameter of the radially expanded second welibore casing. 

A method of forming a tubular structure In a subterranean formation having a 
Preextedhg tubular member positioned in a borehole has also been described that 
Includes instaiOng a tubular Hner. an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe t>y injecting a fiuidic material into'the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fiuidic 
material Intotheboreholebetowtheexpansion cone. In a prefened embodiment, the 
method further Includes radially expanding the expansion cone. Inapreftoned 
embodiment, the method further indiJdes lowering the expansion cone intathe radially 
expandedportlonoftheshoe.andradlalVexpandlngtheexpansioncone. Ina 
piefened embodiment, the method further Includes radially «(panding at least a portion 
of the shoe and the tubular liner by injecting a fiuldie material into the borehole below 
the radlaHy expanded expansion cone. In a prefened embodiment, the method further 
Includes injecting a hardenable fiuidic sealing material into an annulus between the 
20 tubular finer and the borehole. In a preferred embodiment, the method further Includes 
radially ei^anding at least a portion of the preexisting tubular member. In a prefened 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodiment, the Inside dianrieter of the radlaOy expanded tubular Dner Is subslantfa^ 
equal to the Inside diameter of a nonoverlapping portion of the preexisting tubular 
member. In a prefened embodiment, the method further Includes applying an axial 
foroe to the expansion cone. Ina preferred embodiment, the lr»ide diameter of the 

radially expanded shoe Is greater tf«n or equal to the Inside diameter of the radially 
expanded tubular finer. 

An apparatus for fbnrtng a tubular stnicture h a subtenanean fbrmatkm hav^ 

a pnsexlstlng tubular member positioned In a borehole has also been described that 
includes means fbr installing a tubular Iner. an expansion cone, and a shoe m the 
borehole, means fbr radially expanding at least a portion of the shoe, and means for 
radiaPyexpandlngatleastaportlonoflhetubularliner. In a preferred embodiment, the 
apparatus further includes means fbr radially expanding the expansion cone. In a 
prefened embodiment, the apparatus further includes means fbr towering the 
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expansion cone into the FBdiaDy mpanded portion of the shoe, and means for radially 
expanding the expansion cone. In a prefened embodiment, the apparati^ further 
includes means for Injecting a fluidic material info the borehole beloM^ the r^ially 
expanded expansion cone. In a prBfened embodiment, the apparatus further Includes 
5 mems for injecting a hanienable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means for radtolly expanding at least a portion of the preexisting tubular 
- member. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner vyith a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapptng portion of the preexisting tubular member. In a prefenBd embodiment, 
the apparatus further hdudes means for applying an axial force to the expansion cone. 
In a piBferred embodiment, the inside diameter of the radially expanded shoe is greater 

15 than or equal to the Inside diameter of the radially expanded tubular liner. 

An apparatus for fbrmbig a tubular structure within a subtflffranean formation 
including a prBextoting tubular member positioned \n a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubutar member. The 

20 inside diameter of the radially expanded tubuter liner is substantially equal to the inside 
diameter of a non-overlapping portion of thef preexisting tubular member. 

A tubular stnicture positioned In a borehote within a subterranean fbmiation has 
also been described that includes a firet tubular member and a second tubular member 
coupled to and overiapping with the first tubular member, wherein the second tiAutar 

25 member Is coupled to the first tubuter member by the process of: instelling the second 
tubuter member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by ejecting a fluidic material Into the shoe, and radiaBy 
expanding at teast a portion of the second tubuter member by injecting a fluidic matertel 
into the borehote below the expansion cone. In a preferred embodiment, the process 

30 for fbmting the tubular structure further Includes radially expanding tf^ expansion cone. 
In a prsfened embodiment, the process for forming the tubular structure further 
includes iowertng the expansion cone into the radtelly expanded portion of the shoe, 
and radtelly expanding the expansion cone. In a preferred embodiment, the process 
for fonring the tubular stmctiro further Includes radially expanding at least a portion of 

35 the shoe and the second tubular member by injecting a fluidic material teto the 

borehole below the radtelly expanded expansion cone. In a preferrckl Embodiment, the 
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process for fonming the tubular structure further includes injecting a hardenatrfe fluidic 
sealing material into an annulus between the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 
embodiment, the process for fonning the tubular stmcture further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular nr>ember. In a preferred embodiment, the tnside dimeter of the radially 
expanded second tubular member is substantially equal to the Inside diameter of a 
nonoverlapplng portion of the first tubular nf>ember. In a preferrBd embodiment the 
process for fonning the tubutar stmcture further Includes applying an axial force to the 
expansion cone. In a prefmed embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Althou^ inustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substltutton oontenw>lated in 
the fmgoing (tedosurs. In some Instances, some features of the present Invention 
niay be empkq^ without a corresponding use of the other fM^ Accordingly, It is 
appropriate that the appended claims be construed broadly and In a manner consistent 
with the scope of the Invention. 
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CLAIMS 

1 . A tubular staicture positioned in a borehole within a sid>lerrenean formation, 
oomprising: 

5 a first tubular mennben and 

a second tubular member coupled to and overlapping with the first tubular 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

10 installing the seoorKl tubular member, an expansion cone, ani a shoe that 

defirtes an interior region for containing fluidic materials in the borehole; 

radially expand!r)g at least a portion of the shoe by Meeting a fluidic material 
into the Interior region of the shoe; and 

FadtaUy expanding at least a portion of the seccvKl tubiriar member lyy injecting 
15 a fluidic material into the txmhole below the expansion oone. 

2. Tlie tubutar structure Gfdaimi, wherein the process further compriM 

radtelly expanding the expansion cone. 

20 3. The tubular structure of dabiil, wherein the process further comprises 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radtelly expanding the expansion cone. 

4. The tubuter structure of claim 3, wherein the process further comprises: 

25 radially expanding at least a portion of the shoe and the second tubular merrter 

by injecting a fluidic nfiatertai into the borehote beiow the radially expanded expansion 
cone. 

5. The tubuter structure of daim 1 , wherein the prcxsess further comprises: 

30 injecQrig a handenat)ie fliddlc sealing material Into an annulus between the 

second tubular memt>er and the borehote. 

6. The tubular structure of claim 1, wherein the process further comprises: 
radtaAy expanding at least a portion of the flrst tubuter member. 

35 

7. The tubuter structure of dakn 6, wherein the process ftvther comprises: 
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overlapping a portion of the radially expaiKied second tubular member with a 
portion cf the first tubular member. 

8. The tubular structure of daim 7, wherein the inside diameter of the radially 

5 expanded second tubular member is substantially equal to the inside dimeter of a 
nonoverlapping portion of the first tubular member. 

9. The tubular stnicture of daim 6, wherein the process further comprises: 
applying an axial force to the expansion cone. 

0 

1 0. The tubular stnjdure of daim 1 , wherein the inside dianrwter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radi^ expanded second tubular member. 
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1 . An apparatus for forming a weltbore casing in a borehole located in a 
subterranean fomnation including a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member induding a second fld^ 

p^age ftuldidy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 , wherein the expansion cone is expandable. 

3. The apparatus of dalm 1 , wherein the expandable shoe indudes a valveable fluid 
passage for oontrolling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1, wherein the expandable shoe Indudes: 
an expandable portion; and 

a nmaining portion coupled to the expandable portion; 
wherein the outer drcumfBrenoe of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. Theapparatusof daim 4, wherein the expandable portion indudes: 
one or more inward folds. 

The apparatus of daim 4, wherein the expandable portion indudes: 
one or wxxb oorrtigations. 

The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

The apparatus of dalm 1 . wherein the expandable shoe indudes: 
one or more corrugations. 

9. A shoe, comprising: 
35 an upper annular portion; 

an intemradiate annular portion coupled to the upper /annular portion; and 
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a lower annular portion ooupied to the intermediate por^ 

wherein the intennediate annular portion has an outer drcumferenoe that is 

larger than the outer circumferenoes of the upper and lower annular 

portions. 

5 

10. The shoe of claim 9. wherein the lower annular portion includes a valveabie fluid 
passage for oontrolling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of claim 9, wherein the intermediate portion includes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intermediate portion includes: 
one or more conrugations. 

15 13. A method of forming a wellbore casing in a sutTterraneanfomiation having 
preexisting weHbore! casing positioned In a txxehole, comprising: 

installing a tubular liner, an expanelon cone, and a shoe in the borshole; 
fGKlteilly expanding at least a portion of the shoe by injecting a fluidic material 
into the ehoe; and 

20 radially expanding at least a portion of the tubular liner by injecUng a fluidic 

material into the borehole below the mpanslon cone. 

14. The method of daim 13, further conrq[>rising: 
radially expanding the expansion cone. 

25 

1 5. The method of daim 1 3, further comprising: 

towering the expansion cone into the radiatty expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method ofdalm 15. further comprising: 

radially expanding at least a portion of the shoe and the tiibidar liner by injecting 
a fluidto material hto the borehole below ttm radially expanded 
expansion cone. 
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The method ofdalm 13, further comprising: 
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injecting a hardenable fluidic sealing material Into an annulus t>etween the 
tubular liner arul the bor^ole. 

1 8. The method of daim 1 3, further comprising: 

5 radially expanding at least a portion of the preexisting weilbore casing. 

19. The method of daim 1 8, further comprising: 

overtapping a portion of the radially expanded tulujiar liner with a portion of the 
preexisting weHt)ore casing. 

10 

20. The method of daim 1 9, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preaxisting weilbore casing. 

15 21. The method ofdalm 18, further comprising: 
£q[>plying an axtal force to the expansion cone. 

22. The m^hod of daim 13. wherein the Inside diameter of the radially expanded 
shoe Is greater than or substantially equal to the Inside dameter off the radially 

20 expanded tubular liner. 

23. An apparatus for forming a wdibore casing in a subterranean fonnation having a 
preexisting weilbore casing positioned In a borehde, comprising: 

means for installing a tubular liner, an expansk)n cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portk)n of the shoe by injecting a fluidic 

material Into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the txHehde below the expansion cone. 

30 

24. The apparatus of daim 23, further oomprteing: 
means for radially expanding the expanstoh oona 
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The apparatus of daim 23, further comprising: 

means for lowering the expansion cone into the racBaily expanded portion of the 
shoe; and 
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meare for radially expanding Uw e)q>anslon oone. 



26. The apparatus of daim 25. further comprising: 

means for Injecting a fluldic material Into the borehole below the radially 
expanded expahston cone. 

27. The apparatus of daim 23, further comprising: 

means for injecting a hardenable fluidic sealing nrtateriai into an annuius 
between the tubular Dner and the borehde. 

28. The apparatus of dabn 23. further comprisfaig: 

nrieans far radially expanding at least a portion of the pree>d8ting wellb^^ 
casir>g. 

29. The apparatus of daim 28. further comprisbig: 

iiieans for overlapping a portion of the radialV expanded tubular liner with a 
portion of the preexisting weUbore casing. 

30. The apparatus of daim 29. wherein the inside dtameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting weilbore casing. 

31 . The apparatus of daim 28, further comprising: 
means for applying an axial force to the mpansion cone. 

32. Thaapparatus of daim 23. wherein the inside diameter of the radially expanded 

shoe is greater than or substantially equal to the hside diameter of the radially 
expmded tubular Bner. 

33. An appiiratus tor fbnnlng a weilbore casing within a subterranaan formation 
including a preexisting weilbore casing posHioned in a boiehole, comprising: 

a tubular liner, and 

means for radially expanding and coupling the tubular liner to an overtapping 
portion of the preexisting weHbore casing: 
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wherein the inside diameter of the radially expanded tubular liner Is 

substantially equal to the li^ide dianneter of a norxyvertapplng portion of 
the preexisting wellbore casing. 

5 34. A wellbore casing positioned in a borehole vidthin a subterranean fontiation, 
comprising: 

a first wellbore casing ; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to tlie first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole: 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radtaily expanding at least a portion of the second wellbore casing by 

Injecting a fluidic material Into the borehole below the expansion 

cone. 

20 35. The wellbore casing of claim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of dalm 34, wherein the process further comprises: 
lowering the expansion cone Into the radially expanded portion of the shoe; and 

25 radiafly expanding the expansion cone. 

37. The wellbore casing of dalm 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by Injecting a fluidic material into the borehole below the radially 
30 expanded expansion oone. 

38. The weDbore casing of daim 34, wherein the process further comprises: 
injecting a hardenable fluidic sealing material Into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The weBxKe casing of dalm 34, wherein the process further comprises: 
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radiaOy expanding at least a portion of the first weflbore casing. 

40. The wellborB casing of daim 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first wellbore casing. 

41 . The wBllborB casing of daim 40. wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wetlbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of dairn 34, wherein the inside diam 

expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A nr)ethod of forming a tubular structure in a subterranean formation having a 
preexisting tubular member pmitioned in a borehde, comprising: 

instelling a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injectihg a fluidic material 
into the shoe; and 

radiaUy expanding at irast a portion of the tubular liner by injectirtg a fluidic 
nDaterial into the borehole below the expansion cone. 

45. The method of daim 44. further comprising: 
radially expanding the expansion cone. 

46. Themethod of daim 44, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expandhg at loast a portton of the shoe and the tubular liner by injecting 
a fluidio material into the txmhoie below the radially expanded 
expansion cone. 
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48. The method of daim 44, further comprising : 

injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. 

5 

49. The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 

10 overiapping a portion of the radially expanded tubular liner wwth a portion of the 

preexisting tubular member to provide a load bearing interfece and a 
fluidic seal. 



51 . The method of daim 50. wherein the Inside diameter df the radially expanded 
15 tubular liner is substantiaily equal to the inside diameter of a nonoverlapping portion of 
the preexisting tubutar nnember. 

SZ. The method of daim 49, further comprising: 
applybig an axial force to the exparwion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radiaily expanded 
shoe Is greater than or substantiaily equal to the inside diameter of the radially 
expanded tiri>ular liner. 

25 54. An apparatus for forming a tubular strudure in a subtenanean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
borshote; 

means for radially expanding at least a portion of the shoe; and 
30 iraans for radiaBy expanding at leasi a portion of the tubular liner. 

55. Tlie apparatus of daim 54. further comprising: 
means fbr radiaily expanding the expansion cone. 



35 56. The apparatus of daim 54. further comprising: 
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. means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion obne. 

5 57. The apparatus of daim 66, further comprising: 

means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54. further comprising: 

10 means for injecting a hardenable fluidic sealing material into an annulus 

between the tubular liner and the borehole. 

59. TTte apparatus of daim 54, further comprising: 

means for racfiatly expanding al least a pc^n cf the preexisli^ 
15 member. 

60. The apparatus of daim 59, further comprising: 

means for overtapping a portion of the radialiy expanded tubular nner with a 
portion of the preexisting tubular member to (rovide a load bearing 
20 interface and a fluidic seal. 



61 . The apparatus of daim 60, wherein the Inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the In^ dianrteter of the radially expanded 
30 shoe Is greater than or substantidly equal to the inside diameter of the radially 

expanded tubular liner. 
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64. An apparatus for fbrming a tubular structure within a subtenranean formation 
including a preexisting tubular member positioned in a borehole, comprising: 
a tubular Oner, and 
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means for radially depending and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubular Oner is 

substantially equal to the inside diameter of a non-overlappbng portion of 

tl>e preexteting tubular member. 

65. A tubular stojctuTB positioned In a borehole within a subterranean Ibmiatlon, 
comprising: 

a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
member. 

wherein the second tubular member is coupled to the first tubular member by 
the process of. 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a Duidic 
material into the shoe; and 

radially mpanding at least a portion of the second tubular membw by 
injeding a fhiidic material into the borehole below the ncpansiwi 
cone. 

66. The tubular structure of daim 65, whrnin the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65. virtwein the process further comprises: 

lowering the expansion cone into the radicdfy expanded portion of the shoe; and 
radiaily expanding the expansion cone. 

68. The tubular structure of daim 67. wherein the process further oon^rises: 

. radially expanding at least a portion of the shoe and the second tubular member 
by Injecting a fliridic matsrial into tiie borehde below the radially 
expanded expansion cone. 



69. 



The tubular stnicture of daim 65, wherein 0ie process further comprises: 
irijecting a hardenable fiuidic seafing material into an annuhis between the 
second tubular member and the borehole. 



40 



70. The tubular structure of dalm 65. wherein the process further comprises: 

radially expanding at least a portion of the first tubular member. 

71 . The tubular stmcture of daim 70. wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular memt)er. 

72. The tubular stmcture of daim 71 , wherein the inside diameter of the radially 
expanded second tubular memtwr is substantially equal to the inside diameter of a 
nonoverfapping portion of the first tubular member. 

73. The tubular structure of daim 70. wherein the process further cornprises: 

applying an a)dai fDn» to the expansion cone. 

74. The tubular structure of daim 65. wherein the Inside diameter of the radialiy 
expanded shoe is greater than or substantially equal to the Inside diameter of the 
radially expanded second tubular member. 

75. An apparatus for fbnning a wellbore casing in a borehole located In a 
subterranean fwmation induding a preexisting wellbore casfatg. comprising: 

a »jpport member induding a first fluid passage; 

an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled td the first fluid passage; 

an expandable tubular Ibier movably coupled to the expansion cone; and 

an expandable shoe coupled to the mpandable tubular liner comprising: 

a valveaUe fliM passage for oontroiling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward fblds; and 
a lemaining portion coupled to the expandable portion: 
wherein the outer dreumferenoe of the expandable poition is greater 
than the outer drcumferenoe of the remaining portion. 

76. A shoe, comprising: 

an upper annular portion; 



an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the intennediate portion including a 

valveable fluid passage for controliing the flow of fluidic materfals out of 

the shoe; 

wherein the intermediate annular portion has an outer drcumference that is 
larger than the outer drcumferenoes of the upper and lower annular 
portions. 

77. A method of forming a wellbore casing in a subten^nean formation having a 
preexisting wenbore casing positioned In a t)orehole. comprising: 

instelling a tubular Brier, an expansion cone, and a shoe In the borehole: 
rEKlially expanding at least a portion of the shoe by injecUng a fluidic material 
into the shoe; 

lowering the expanston cone into the radially expanded portion of the shoe; 
radially expanding the expanston cone; 

radtally expanding at least a portion of the tiri>ular liner by injedtog a fluidic 

rraterial into the borehole below the expanston cone; 
overiapping a portion of the radially expanded tubular Hner with a portton of the 

preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substentialty equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 
substentially equal to or greater than the inside diameter of a nonoveriapping 
portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subterranean fonnation having a 
preexisting weObore casing positioned in a borehole, comprising: 

means for instelling a tubular Bner, « expansion cone, and a shoe h the 
borehole; 

means for radially ^cpanding at least a portion of the shoe by Injecting a fluidto 

rhaterial Into the shoe; 
means for lowering the expansion cone into the radialy expanded portion of the 

shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by Injecting a 
fluidic material into the borehole below the radially expanded expansion 
oone; 

means for radially expanding at least a portion of the preexisting wellbore 
casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner; and 
wherein the inside diameter of the radially e)qpanded tubular liner is 

substantiaily equal to the inside dbmeter of a nonoverlapplng portion of 

the preexisting wiellbore casing. 

79. A wellbore casing positioned in a borehole within a subtenranean fbnnation, 
ocwnprisingi 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

wherein the secmd wellbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion corte into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second welibm casing by 
injecting a fluidic material into the borehole below the radially 
mpanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first welbore casing; 



wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside dianneter of the radially 
expanded second wellbore casing; and 

wherein the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellbore casing. 

80. A method of fbnning a tubular structure in a subtenranean fonmation having a 
preexteting tubular member positioned in a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe In the borehole; 

radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansim cone; 

radially expanding at least a portion of the tubular liner by Injecting a fiuidic 
material into the borehole below the radially expanded expansion cone; 
and 

overlapping a portion of the radially expended tubular Dner with a portion of the 
preexisting tubular memtber to provide a load bearing interface and a 
fliddic seat 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubidar liner; and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonovariapping portion of 

the preexisting tubular member. 

61 . An apparatus for forming a tubular structure in a subtenranean formation having a 
preexisting tubular member positioned In a borehole, comprising: 

means for instalRng a tubular liner, an expansion cone, and a shoe in the 
borehote; 

means for radially expanding at least a portion of the shoe; 
means fbr lowering the expansion cone into the radially expanded portion of the 
shoe; 

means fbr radially expanding the expansion cone; 

means fbr radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular niember to provide a load bearing 

interface and a fluidic seal; 
virherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular Uner. and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

82. A tubutar structure positioned in a borehole within a subterranean Ibmtationp 
oomprising: 

a nrrt tubular member and 

a second tubular niember coupled to and overlapping with the first tutnilar 
memboTp 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expaneion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by Irijectlng a fluidic 

material into tfie shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portbn of the second tubular nnember by 

injecting a fluidic material Into the borehole below the radially 

expanded expansion cone; and 
overlapping a portion of the radiaUy expanded second tubular member 

with a portion of the first tubular member, 
wherein the Inside diameter of the radially expanded shoe is greater 

than or wbslanlialV equal to the inside dianieter of the radia^^ 

expanded second tubular mentben and 
wherein the inside diameler of the radially expanded second tubular 

member is substantially equal to the inside diameter of a 

nonoverlapping portion of the first tubular member. 
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